tions and the determinations of the scale-value were made according to a method described by Gauss. • As the variometer at the Oslo Observatory is of a type no longer used, the following theoretical remarks may be of interest.
Suppose the magnet to rest in the magnetic meridian and that the suspension is torsionless in this position. If the torsion-head is turned through the angle z, the magnet forms an angle • with the meridian, determined by the equation 
Determination of the scale-value by direct observation of the angle is sufficiently exact only if there is a correspondingly fine division attached to the torsion-head, but as this is not the case with our instrument, the angle •b is determined indirectly by observing one oscillation with the suspended magnet, first placed "direct" with the north pole pointing towards the north and second placed "inverted" with the north pole pointing towards the south--this being possible, if the torsional moment is so large that D is greater than Disregarding the effect of magnetic induction, as well as the torsional effect of the individual threads, and assuming the moment of inertia to be the same in both cases, we have
T'•=•rV'K/ (D-+-MI]) and T==•rx/K/ (D--MH) (6)
where K is the moment of inertia. Referring now to equation (2) we get sin //=(T o-
The time of one oscillation is of course supposed to be corrected so that it refers to an infinitely small arc and the normal value of H at 0 ø R. 
The three quantities •F•, T2, and Ta were observed by Hansteen and Fearnley and the results obtained by them are given in Table 2 . We do not know the exact value obtained by Hansteen for the quantity Ta as it cannot be found in the old documents. This, however, is of no 
The correct value for ea should thus be found by introducing the three observed values of time of oscillation into this equation after reducing the observations to constant temperature and constant H. As, however, Hansteen's value for Ta is only approximate, and as the variations in temperature and in //are very small in Fearnley's case, we may disregard these corrections and use the values given in Table 2 
The first term, which depends on the variation of the moment of the magnet, is the predominant one, but the variation in to is much less than that in t• and t•. The latter may often be ten times greater, especially as D• for the dominant part is influenced by the temperature close under the roof. There is therefore every reason to believe that the temperatureeffect of the suspension may be so great that it should be taken into account. As, however, no room-temperatures are available, this effect can only be determined from the magnetic data.
DETERMINATION OF THE CONSTANTS BY MEANS OF ABSOLUTE MEASUREMENTS
General remarks--As no special observations suitable for the determination of the temperature-coefficient for the suspension, X, have been made, and as there may be some uncertainty regarding the constance of the scale-value, ea,.since we have only the two observations of 1842 and 1878, we have attempted some control-determinations for the two constants by means of direct comparison between relative and absolute data.
The principal difficulty was the often unknown abrupt changes in the relation between scale and mirror, "the base-line value," in addition to the unknown interplay of the effects of the two insufficiently de-
termined constants X and e•. The procedure, therefore, consisted of a series of approximations, whereby we could start with a constant value for ca, for instance, 1 pars= 1•,. As to the absolute data, the main difficulty lies in the uneven distribution, plainly seen in Tables A and  From Table C one 
where H0 is the observed value, reduced to standard temperature both for the magnet and for the suspension, while H• is the observed value, reduced only to standard temperature for the magnet. The method for extracting the value for X will be understood from the following example given in Table 3 and in Figure 3 . During 1844-55 no abrupt changes in the base-line value appear to have occurred and in the data for temperature there is a range of about 18 ø R. Therefore, a good expression for the temperature-influence should be possible. In Table 3 the eye-readings 
In Figure 3 the average line through the points has been so drawn that X=5.43, per 1ø.0 R; this value refers to the first month of 1848. Several other tests gave values for X, which averaged about the same as shown in Figure 3 . Comparing this result with the conclusion drawn above, it appears that the influence of temperature on the suspension is considerably larger than one should expect. It must be remembered, however, that the temperature-reading used is correct only when it concerns the magnet and that the temperature, on which the correction in reference to the suspension depends, is that of the free air of the room and especially of the air near the roof which will be considerably higher than the reading given in Table 3 However this may be, there seems to be no doubt that a X-correction must be introduced in the formula for reducing the eye-readings. The complete formula, therefore, assumes the form h0 = h q-(a q-X) (t-to) q-•5(t-t0) •' (25) where a and •5 represent the two coefficients found by Hansteen for the magnet, and X represents the temperature-coefficient of the suspension.
As there was no reason to doubt the correctness of the result obtained for X, according to Figure 3 and Table 4 and Fig. 4 ).
An inspection of the graph in Figure 4 shows that something must Table 5 and Fig. 5 ). Table 5 gives the first two and the last three columns of number of data in each series is given as well as the number of data "disqualified" because they were t6o far from the average line through the points. Taking as a basis the results for X in Table 6 and considering some systematic trials of reduction 'of the eye-readings in which varying values for X were used, values for X were finally adopted according to values for ea (see Table 9 ). Using as basis Fearnley's observation of January, 1878, and the four control-data in Table 9 , the graph of Figure  9 was finally adopted. Starting with 1878 using Fearnley's value the adopted curve gradually increases to the value 1.04, which corresponds to that assumed for the instrument when it fell in 1876. There might be a question as to whether it would not have been more correct to keep a constant value, as for example Fearnley's, for the entire period 1878-1930, but as the graph had to be adopted before the final reduction was begun, it was decided that the form indicated in Figure 9 was the best. In any case the results would be but slightly altered had a constant value indicated by Fearnley's observation been used instead of that given by the graph in Figure 9 .
THE ABSOLUTE OBSERVATIONS
ttansteen's instrumentmHansteen's absolute instrument was primitive but the accuracy of his observations with it is nevertheless good. The instrument has been described in detail by Hansteen • and, as the reference is not generally accessible, by the present author in a brief description to which the reader is referred ? (see Fig. 10 There is therefore no doubt about the value of the temperaturecoefficient accepted by Hansteen but neither in his paper nor in the old documents have we been able to find the data on which the value is based. As there was no reason to doubt the correctness of Hansteen's value (bs--14.9) it was accepted, as above mentioned, in a preliminary reduction, but was later found to be too high. A control was therefore necessary. No data being available for this purpose, we have tried to determine whether the material left by Hansteen could be used to control the temperature-coefficient.
During 1864-66 Hansteen made absolute observations frequently and as these observations were made at temperatures ranging from about -5 ø to +20 ø there seemed possible a reliable control. Material suitable for obtaining the influence of temperature should be such that the timeinterval between observations of high and low temperature would be comparatively short. In this case, however, the observations are distributed over the whole year, so that observations with low temperature occur during the winter and those with high temperature during the summer.
Moreover the observations were made at different times of the day. Thus, it is clear that the observations had to be corrected because of the diurnal and annual variations.
As the constants of the eye-readings are dependent on the correctness of H and, even had a correct temperature-correction been used in reducing Hansteen's oscillations, there was not available a reliable graph for the annual variation for the single hours. It was necessary therefore to approximate this variation by means of another magnetic station at which the diurnal and annual variations would correspond more or less closely to those at Oslo. The Danish station, Rude Skov, was chosen and Figure 11 shows the graphs of the annual variation in H for every hour between 09 h and 2!h, local mean time, for the year 1933 which corresl•onds more or less in the sunspot-period to the year in question for Oslo, namely, 1855.
Monthly mean data for H for each hour between 08 h and 21h, were extracted from.the Danish year book 9 month by month. Residuals from the annual mean of each special hour series were corrected for salxtyt Mag. Naturv., Kristiania, 3, 268 (1842).
• The data for H • and ta in Table 10 are plotted in F!gure 12. The comparatively large spreading of the points is due both. to the aperiodic variation in/-/and to the inaccuracy of the observations so that we can hardly expect a better result. The resulting average line adopted seems reasonably reliable because of the large interval between the lowest and highest temperatures (26ø). Accordingly we may estimate the relation between /XH' and/x,t at 3.3-/per 1 ø R, which shows that Hansteen's temperature-coefficient, •=0.000654 in equation (27) Assuming that this formula holds good between 1834 and 1843, when our series begins, the constant Cs for 1843 would be 6.00907 expressed logarithmically with reference to/-/in Gauss units. Our adopted value, expressed logarithmically with reference to//given in CGS is thus Q=5.00890 for 1843. Having fixed the value for C• for 1843, how did the magnet behave during 1843-767 Dollond's cylinder was made about 1819 and was thus a comparatively old magnet in 1843; the rate of Table 11 What is meant by "Gauss's unifilar" is not quite clear, but the magnets are evidently Hansteen's so-called "reserve magnets." These magnets were sent to all parts of the world by Hansteen whenever there was an opportunity of obtaining magnetic data; changes in their magnetic moments were controlled by comparison with Do!lond's cylinder, as soon as they were returned to Hansteen. The constants of these magnets were given on various occasions in the Magazinfor Naturvidenskaberne. Table A were the abrupt changes in the base-line value, and by means of these the graph of Figure 13 -A was constructed from group-means as shown in data for Ba 0 in Table !5 There is no doubt that the majority of the abrupt changes, noted in Table C , are accidental and due to unknown changes in the angle of the mirror. In a note, dated February !2, 1855, we find the following remark: "The mirror has been cleaned, because it was fogged." This remark probably explains all the unknown changes during 1843-76, but not those after 1878, because the hall was then heated so that a fogged mirror would be unusual. However accidental changes in the angle of the mirror may have still occurred, for instance, when the glass cover of the bifilar box was cleaned. Various notes are found pertaining to sources of local magnetic disturbances in explanation of some changes, such as installation or removal of iron stoves, iron beds, etc., in the room adjoining the hall, as well as the presence of iron utensils in the house or in the neighborhood. The method used will be understood by a glance at the curve for such corrections appearing in the lower part of Figure 16 . In deciding on the distribution of the corrections in B• it was found helpful to consider the typical annual'variation in H at 09 • as shown in Figure 15 for the epoch !920-30. The graphs of differences between annual and monthly means corrected for secular variation often showed the annual variation to differ so much from the average that it furnished a hint as to the distribution of the corrections. The marked l 1-year period, corresponding to the variation in sunspot-frequency was also helpful. In Figure 15 
RESULTS OF THE FINAL REDUCTION OF' THE BIFILAR READINGS
We have described in the preceding pages the procedures adopted for determining the values of the necessary constants for the final reduction of the bifilar readings. As an example of a complete reduction of the eye-readings let us consider the detailed observations of Table 1  for Table D, while Table E gives The curve, represented by the monthly mean values, oscillates above and below the graph for real secular movement so that the difference between the two curves shows well the l 1-year period. Yearly mean data for this 11-year period (/X//) are compared with the annual mean values of Wolfer's relative sunspot-numbers in the inset on Figure 18 . On the whole there is a striking parallelism between the two curves, even in detail, 'but it may be questionable whether this high degree of parallelism is real, because it seems strange that there should be hardly
